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FUW  SPLIT  OF  CHURN  FLOW  AT  A  VERTICAL  IMPACTING  T 
B.  J.  Azzopardi,  A.  Purvlr  and  A.  H.  Covar. 


ABSTRACT 


Meaaureoenta  have  been  made  of  the  flow  spilt  which  occurs  when  churn 
flow  arrives  at  a  vertical  impacting  T.  The  results  show  similar  trends 
to  data  for  annular  flow  obtained  by  Azzopardi  et  al.  (1966).  A  simple 
modification  of  the  model  of  Azzopardi  et  al.  has  been  produced  which 
correctly  predicts  the  data. 
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tMTRODUCTIOM 


now  split  at  pips  Junctions  ocours  In  asny  Industrial  procsssss  ' 
ranging  froa  nuclaar  reactors  to  oil  fields.  When  the  flow  consists  of 
■ore  than  one  phase,  prediction  of  the  flow  split  is  aade  oore  difficult 
as  elthsr  phase  oan  eaerge  preferentially  through  one  axl'.  Azzopardl 
(1986a)  has  reviewed  the  InforMtlon  available  for  gas/liquld  flow  split. 

He  concludes  that  only  Azzopardl  and  Whalley  (1962)  give  a  physically 
baaed  ■odel  for  the  flow  split  though  this  was  Halted  to  a  Junction 
formed  by  a  side  am  eaerglng  froa  a  vertical  main  pipe,  annular  flow 
approaching  the  Junction  and  low  take  off  through  the  side  arm. 
Subsequently,  Azzopardl  (1966b)  has  extended  the  model  to  handle  this 
geometry  and  flow  pattern  over  the  entire  range  of  take  off. 

In  some  designs,  equipment  to  process  the  entire  feed  stream  would  be 
lapractlcally  large  and  two  parallel  streams  are  necessary.  For 
gas/llquld  flow,  the  Junction  must  be  designed  to  give  the  same  quality  at 
each  outlet.  Two  approaches  have  been  suggested  to  effect  this  division. 
Hong  (1976)  presented  data  for  "Impacting"  Junctions  where  the  flows 
emerge  from  two  pipes  each  at  right  angles  to  the  Inlet  pipe  and  at  180° 
to  each  other.  Figure  1.  All  his  pipes  were  horizontal  and  the  dact  shows 
that  the  flow  emerging  from  both  outlet  pipes  has  the  same  proportion  of 
gas  to  liquid  except  when  the  fraction  of  fluids  taken  off  through  one 
exit  pipe  Is  less  than  20*  (or  greater  than  80*)  of  the  flow  entering  the 
Junction.  Hong  presented  data  for  one  set  of  inlet  conditions.  Azzopardl 
et  al.  (1986)  have  carried  out  experiments  on  a  similar  Junction  though  In 
this  case  the  Inlet  pipe  was  vertical  and  the  outlet  pipes  horizontal. 
The  proportion  of  gas  to  liquid  from  each  exit  was  only  the  same  when  the 
split  IS  50/50,  Figure  2.  For  smaller  take  off  there  was  a  larger  liquid 
fraction  then  in  the  inlet  pipe.  Azzopardl  et  al.  also  proposed  a  model 
to  describe  this  flow  split,  based  on  the  assumption  that  the  gas  and  film 
from  the  same  segment  of  the  main  pipe  were  taken  off.  The  drops  impacted 
on  the  stagnation  surface  and  were  then  driven  into  the  outlet  lines  by 
pressure  gradients  from  the  stagnation  point.  This  model  gives  good 
predictions  of  the  flow  split.  An  alternative  geometry  has  been  produced 
by  Fouda  and  Rhodes  (1972)  who  suggest  the  use  of  baffles  in  the  pipe 
upstream  of  the  take-off  point  to  divide  the  'low.  However,  they  also 
found  that  alterations  to  take  off  rates  produced  different  responses  in 
the  amount  of  gas  and  liquid  taken  off. 
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This  report  ostemla  tho  oxporlMntel  MuurMonta  of  Axsopardl  at  •!. 
C19M)  to  ohurn  flow. 

2.  CXFPlllMMTiU.  WUjUIOOWatT 


Tho  tsporiMnte  dceorlbod  bolow  wore  oarriod  out  in  the  mm 
apparstw  M  uMd  by  Assopordil  at  al.  (19S6).  Thla  la  ahown  aobaMtloally 
In  Plfura  3*  flltarad,  Mtarad  air  at  oonatant  praaaura  waa  provided  froa 
the  laboratory  ooapraaaad  air  Min.  Matar  waa  drawn  froa  a  raoaivar  by 
Mana  of  a  oantrlfugal  pMp.  Corraot  water  praaaura  wh  attained  by  by- 
paaatng  part  of  the  flow  and  the  flowrate  wm  aonltorad  by  one  of  a  nuabar 
of  oallbratad  rotaMtara.  The  air  antarad  the  flow  tuba,  wniob  waa  nada 
froa  aaotlona  of  aoryllo  ream  tubing  (O.0318  a  internal  dlaMtar), 
through  an  antranoa  aaotlon  0.5  a  long.  Water  la  than  Introduoad  through 
a  aaotlon  of  porous  wall.  The  junotton,  whioh  wat.  aaohlnad  out  of  a  olook 
of  aoryllo  raaln  wm  plaoad  at  the  top  of  the  vartioai  flow  tuba,  3.84  a 
froa  the  llould  entry  point.  The  side  arM  oonatstad  of  at  laaat  1,5  a  of 
straight  aoryllo  raaln  tubing  follotiad  by  langtha  of  flsxibla  tubing.  The 
air  ano  water  aMrglng  froa  one  aide  ara  ware  separated  in  a  oyolona  and 
Mtarad.  The  air  flow  wm  MMurad  using  s  gas  aster,  the  wstar  flowrate 
WM  dataralned  froa  weighing  a  tlMd  afflux,  Tha  two  phaM  flow  aMrglng 
froa  tha  aaoond  aide  ara  wm  also  separated  though  not  Mtarad.  Tha  water 
WM  returned  to  tha  stook  tank,  tha  air  being  raleaaad  to  ataoaphara. 
Valves  In  tha  two  side  arM  ware  uMd  to  M'.trol  the  division  of  tha  flow 
and  Mlntaln  tha  praaaura  at  tha  junction  at  1.7  bar. 

3.  HESULTS  UlO  Discussion 


NsMuraMnta  have  bean  Mda  of  tha  flow  spilt  at  an  lapacting 
Junotlon  ualng  tha  apparatus  dasorlbad  in  Motion  2.  Data  was  obtained 
for  eight  Mts  of  Inlet  oondltlona  ~  gas  mss  fluxes  of  3- 2  mo  8  kg/a*s 
and'llquld  Msa  fluxaa  of  80,  160,  320  and  600  xg/o's.  The  conditions  at 
whioh  tha  data  ware  taken  are  plotted  on  a  flow  pattern  nap,  Figure  u. 
Also  ahown  ara  tha  oondltlona  at  which  data  were  taksn  by  izzopardl  et  al. 
(1986)  and  tha  Unas  delineating  How  pattern  bo-indarlea  froa  the  nocels 
of  Taltal  at  al.  (1980).  All  tha  runs  In  tha  present  work  were  observed 
to  be  In  churn  flow  which  agrees  with  the  predict. ons  of  Taltel  et  a:. 
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Th«  rasulta  arc  listed  in  table  <  and  are  anoen  in  Flsurea  5  and  6. 
Aa  oan  be  aeen.  Maeureaenta  were  aade  over  tne  entire  range  of  take  off, 
frea  ai:  flow  ooalng  out  of  one  aide  era  to  all  ooalng  out  of  the  other. 
Data  was  taken  In  order  of  Inoreaalng  take  off  and  In  order  of  deoreaalng 
take  off,  but  no  dlfferefloe  was  found  In  the  results,  in  addition,  dsu 
taken  on  two  eeperate  oooaolone  were  indletlngulshable.  It  oan  be  aeen  in 
rigurea  9  and  (  that  the  am  with  the  lower  air  flow  had  proportionally 
eore  liquid.  However,  when  the  gaa  flow  splits  SO/90,  then  the  liquid  la 
^lao  equally  split.  When  aore  than  half  of  the  fluids  were  taken  off,  the 
ayaaetry  of  the  Junotlon  aeeerta  Itself  and  the  take  off  la  now  •  airror 
laage  of  the  low  take  off  region.  Figure  9  and  6  show  that  there  is  very 
little  difference  between  the  results  froa  different  Inlet  flowrates.  The 
trend  of  the  results  la  very  alailar  to  those  obtained  by  Azzopardl  et  al. 
(19M)  with  annular  flow  at  Inlet. 

Observatlona  of  ohurn  flow,  particularly  those  with  aaas  flows  within 
the  range  studied  here,  lead  one  to  suggest  that  all  of  the  liquid  could 
be  taken  as  a  thick  flla  on  the  tube  walls.  This  la  based  on  (1) 
observationr  oMde,  in  the  present  ezperlaenta,  through  the  tube  walls, 
(11)  azlal  view  cine  flla  taken  by  Rhodee  (1901)  which  show  that  for 
reasonably  long  periods  of  tlaa  there  la  a  continuous  gas  core 
(oooaaionally  the  liquid  bridges  the  entire  pipe  cross  section)  and  (ill) 
aaaaureaent  of  radial  variations  of  void  fraction  which  indicate  that 
there  le  a  peak  at  the  tube  centre. 

If  all  of  the  liquid  can  be  taken  as  being  in  the  flla,  ^hen  a 
slapllfled  version  of  the  aodel  of  Azzopardl  at  si.  (1966)  could  be  usee. 
In  this  It  la  assuMd  that  the  liquid  and  gas  taken  off  both  coee  rroei  the 
SSM  segeent  of  the  inlet  pipe.  The  relationship  between  tne  fraction  of 
gas  taken  off  and  the  fraction  of  liquid  taken  off  otn  then  be  written, 
froa  geoaetrlc  oonalderatlons,  as 

O'  •  ^  (2  e  L'  -  sin  2  »  L’ )  ( l) 

The  curve  corresponding  to  equation  (1)  has  been  plotted  on  Figures  b 
and  6.  There  Is  good  sgreeaent  with  aost  of  the  data  though  some  points 
allow  that  there  is  scatter  aaongst  the  data.  In  Figure  6  it  can  be  seen 
that  the  fraction  of  liquid  taken  off  is  slightly  underpredictec  at 
fractional  gas  take  offs  upto  0.3. 
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Tht  aodal  prcMfitad  by  Azzopardl  *1  al.  (1986)  and  as  nodlfiad  abova 
provldaa  an  approprlata  pradtctlon  aathod  for  annular  or  churn  flow  at  a 
wartloal  lapaotlng  T.  Obvloualy  further  work  la  nacaaaary  to  understand 
tha  procaaaaa  that  occur  with  other  flow  patterns  and  with  other 
orientations. 

a.  COKCmSIOKS 

Proa  the  above  work  It  can  be  ooncluded  that: 

(1)  For  vertical  churn  flow  entering  an  lapacting  Junction  the 
qualities  in  each  of  the  outlet  tubes  are  only  equal  when  half 
tha  fluids  pass  Into  each  outlet.  An  adaptation  of  the  simple 
■odel  proposed  by  Azzopardl  et  al.  (1986)  successfully  predicts 
the  partition  of  the  phase. 

(2)  The  flow  split  In  the  present  expertnents  is  Insensitive  to 
Inlet  gas  and  liquid  flowrates.  This  result  is  slallar  to  that 
found  by  Azzopardl  et  al.  (1986). 

(3)  Further  work  Is  necessary  to  extend  this  work  to  other  flow 
patterns  and  orientations. 
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INLET 


OUTLET 


Fraction  Fraction 
of  Caa  of  Liquid 
Taken  Off  Taken  Off 


Air  Flow 

(g/a) 

BUI 

Air  Flow 
(g/a) 

Hater  Flow 
(g/a) 

2.48 

66.3 

2.49 

66.9 

1.003 

RH 

2.58 

62.7 

2,54 

56.1 

0.986 

2.46 

63.9 

2.03 

50.3 

0.83 

2.46 

60.2 

1.36 

33.0 

0.55 

0.55 

2.46 

66.3 

0.80 

28.8 

0.32 

0.435 

2.49 

73.7 

19.0 

0.0 

0.26 

2.59 

60.2 

2.65 

48.1 

1.025 

0.799 

2.70 

61.1 

1.04 

29.5 

0.385 

0.484 

2.55 

61 .4 

0.88 

28.8 

0.345 

0.470 

2.59 

62.4 

0.53 

30,3 

0.204 

0.485 

2.59 

129.1 

2.64 

130.7 

1.02 

1 .01 

2.52 

129.1 

2.20 

90.4 

0.873 

0.7 

2,52 

129.1 

1.50 

68.1 

0.597 

0.527 

2.55 

125.2 

1.11 

64.9 

0.0 

0.518 

2.54 

126.0 

0.51 

48.2 

0.202 

0.383 

2.54 

128.5 

0.29 

39.4 

0.114 

0.307 

2.54 

128.5 

0.0 

30.7 

0.0 

0,239 

2.55 

129.8 

1.69 

77.5 

0.633 

0.597 

2,54 

129.8 

0.33 

41.3 

0.129 

- 

O.318 

2,57 

258.3 

2.47 

202.0 

0.963 

0.781 

2.59 

254.5 

0.70 

99.8 

0.270 

0,292 

2.27 

252.0 

2.33 

250.0 

1.02 

0.992 

2.71 

252.0 

2.71 

221.5 

1 .00 

0.879 

2.66 

252.0 

2.35 

185.2 

0.882 

0.735 

2.70 

252.0 

2.10 

160.4 

0.779 

0,636 

2.68 

252.0 

1.66 

143,2 

0.619 

0.568 

2.70 

252.0 

1.34 

127.3 

0.493 

0.505 

2.68 

252.0 

0.80 

93.3 

0.30 

0.370 

2.58 

252.0 

0.16 

68.8 

0.063 

0.273 

2,58 

252.0 

0.0 

i.'4.4 

0.0 

0.176 

2.60 

624.0 

0.0 

53.0 

0.0 

0.084 

2.51 

622.0 

0.0 

17.0 

0.0 

0.038 

2. *2 

617.0 

0.06 

86.0 

0.024 

0,139 

2.51 

617.0 

0.02 

118.0 

0.008 

0.190 

2.53 

611.0 

0.08 

144.0 

0.03. 

0.235 

2,51 

617.0 

0.16 

163.0 

0.063 

0.264 

2.53 

624.0 

0.22 

218.0 

0.088 

0.349 

2.57 

621.0 

0.20 

264.0 

0.080 

0.426 

2.57 

617.0 

0.86 

273.0 

0.333 

0.  442 
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iiLcr 

OUTLET 

Practlon 

Praotlon 

of  Gas 

of  Liquid 

Air  now 

Mator  Plow 

Air  Plow 

Hater  Plow 

orr 

(g/o) 

(g/a) 

(g/a) 

(f/a) 

m 

65.5 

60.2 

0.0 

2.29 

14.0 

28.6 

6.01 

63.9 

4.72 

42.9 

6.10 

66.1 

6.05 

65.9 

0.992 

6.09 

65.5 

5.28 

47.0 

0.867 

0.718 

6.10 

66.1 

4.60 

39.6 

0.762 

0.599 

6.15 

65.5 

3.72 

36.9 

0.606 

0.563 

6.15 

64.9 

3.14 

35.5 

0.510 

6.1A 

65.8 

2.23 

30.8 

0.362 

6.14 

65.8 

1.75 

49.4 

0.285 

6.15 

65.8 

1.33 

26.9 

0.217 

0.408 

6.14 

65.5 

0.53 

20.8 

0.087 

0.317 

6.35 

131 .0 

1.29 

53.9 

0.203 

0.411 

6.34 

131 .0 

0.58 

42.9 

0.091 

0.328 

6.35 

131.0 

0.0 

23.5 

0.0 

0.179 

5.98 

137.3 

4.0 

72.1 

0.669 

0.254 

0.566 

6.00 

128.5 

1.52 

53.7 

0.418 

6.3« 

129.8 

6.30 

132.4 

0.993 

1 .020 

6.35 

129.1 

6.21 

106.5 

0.978 

0.840 

6.35 

128.5 

5.04 

81.4 

0.794 

6.35 

129.8 

4.62 

78.7 

0.727 

6.34 

129.1 

4.10 

72.8 

0.646 

6.35 

128.5 

3.68 

71.4 

0.60 

0.556 

6.35 

129.8 

2.92 

65.4 

0.460 

0.504 

6.35 

131 .0 

2.57 

63.3 

0.405 

0.483 

6.36 

132.3 

1 .84 

57.6 

0.289 

0.436 

6.41 

252.0 

6.32 

249.7 

0.985 

0.991 

6.42 

252.0 

5.89 

179.7 

0.917 

0.713 

6.42 

249.6 

5.37 

158.7 

0.836 

0.636 

6.42 

252.0 

5.16 

149.6 

0.804 

0.594 

6.41 

248.8 

4.40 

133.6 

0.686 

0.537 

6.39 

249.6 

3.67 

131 .8 

0.575 

0.527 

6.38 

252.0 

2.80 

122.1 

0.439 

0.485 

6.37 

249.6 

2.19 

110.5 

0.  344 

0.443 

6.38 

249.6 

1.25 

96.9 

0.195 

0.388 

6.39 

252.0 

0.0 

44.4 

0.00 

0.176 

6.03 

252.0 

5.54 

179.7 

0,919 

0.713 

5.97 

252.0 

3.15 

129.7 

0.528 

0.515 

5.99 

252.0 

1.93 

nt*7 

0.?23 

0.443 

63.5 

623.7 

0.0 

95.7 

0.0 

0.153 

6.13 

617.4 

0.16 

182.0 

0.026 

0.295 

6.14 

614.2 

0.80 

231.6 

0.131 

0.377 

6.10 

617.4 

1.44 

267.6 

0.237 

0.433 

Froction  of  liquid  taken  oft 
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Froction  of  gos  taken  off 

FIG.  2.  EXAMPLE  OF  DATA  AND  PREDICTIONS 
FOR  ANNULAR  FLOW  AZZOPARDI  ET  AL  (1986) 


To  atmosphoro 


FIG.  3,  EXPERIMENTAL  ARRANGEMENT. 


Praetion  of  goo  fokon  off 


FIG. 5.  FLOW  SPLIT-  GAS  MASS  FLUX  3  2 Kg  ffn^%. 
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